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(54) EQUALIZING CIRCUIT 

(57)Abstract: 

PURPOSE: To execute exact equalization with hardware 
which is easily reliable and is little. 
CONSTITUTION: Variable filters of automatic equalizing 
circuits are separated to two stages; the first variable 
filter 3 and the second variable filter 4 to avert the 
deterioration in frequency by multi-stage series 
connection of a delay circuit. A difference is afforded to 
the coefft. convergent time of two stages of the 
automatic equalization circuits, by which two stages of 
the automatic equalization circuits are averted from 
adversely affecting the convergence of the coeffts. on 
each other. The first variable filter 3 is varied only in its 
frequency amplitude characteristic by one coefficient A 
on a phase line. The coefft. A of the variable filter 3 is 
so updated as to minimize the error flag number from an 
ECC decoder 7. The total number of taps necessary for 
obtaining the same equalization characteristics is 
decreased by changing the delay time between taps of 
the two transversal filters 3, 4. 





MACHINE TRANSLATION OF: JP-H08-161832 

CLAIMS 

[Claim(s)] 

[Claim l]An equalizing circuit which equalizes a digital signal transmitted or reproduced using a 
digital filter, comprising: 

The 1st variable filter that equalizes an input signal according to the 1st filter factor group into 

which it is inputted from the outside, and outputs the 1st equalization signal. 

The 2nd variable filter that equalizes said 1st equalization signal according to the 2nd filter factor 

group into which it is inputted from the outside, and outputs the 2nd equalization signal. 

An identification device which identifies said 2nd equalization signal and outputs reproduction 

digital data. 

The 2nd coefficient calculating means that updates the 1st filter factor group accommodative, 
updates the 2nd filter factor group accommodative using the 1st coefficient calculating means 
and said reproduction digital data outputted to the 1st variable filter, and is outputted to the 2nd 
variable filter using said reproduction digital data. 

[Claim 2]The equalizing circuit according to claim 1 where convergence time of a filter factor in 
said 1st coefficient calculating means is characterized by a long time rather than convergence 
time of a filter factor in said 2nd coefficient calculating means. 

[Claim 3]The equalizing circuit according to claim 1 characterized by not performing renewal 
computation of the following coefficient until convergence time of a filter factor in said 2nd 
coefficient calculating means passes, immediately after said 1st coefficient calculating means 
updates a filter factor. 

[Claim 4]The equalizing circuit according to claim 1 which detects having been completed by 
each tap coefficient [ in / in said 2nd coefficient calculating means / said 2nd variable filter ], and 
outputs a detection result and where said 1st coefficient calculating means is characterized by 
performing renewal computation of the following coefficient in response to said detection result. 
[Claim 5]The equalizing circuit according to claim 4 when variation per unit time of each of said 
tap coefficient is detected and said 2nd coefficient calculating means becomes [ variation of all 
the tap coefficients ] smaller than a predetermined value, wherein it outputs said detection result. 
[Claim 6]Detect an error of said reproduction digital data and an error detection decoder which 
outputs an error flag is provided, The equalizing circuit according to claim 1 to 5, wherein said 
1st coefficient calculating means updates said 1st filter factor accommodative and outputs to said 
1st variable filter using an error flag outputted from said error detection decoder. 
[Claim 7]The equalizing circuit according to claim 1 to 6 where said 1st variable filter is 
characterized by only a frequency amplitude characteristic being variable in a phase straight line. 
[Claim 8]Said 1st variable filter and the 2nd variable filter comprise the 1st transversal filter and 
2nd transversal filter, respectively, The equalizing circuit according to claim 1 to 7, wherein a 
time delay between taps of said 1st transversal filter differs from a time delay between taps of the 
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2nd transversal filter. 

[Claim 9]The equalizing circuit according to claim 8 having set a time delay between taps of said 
1st transversal filter as Tb/2 (1 clock period of a digital signal into which Tb was inputted), and 
setting a time delay between taps of said 2nd transversal filter as Tb. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention enables it to realize exact equalization by small-scale 
hardware especially about the equalizing circuit which compensates automatically degradation 
received in the case of transmission and the reproduction from recording equipment of digital 
information. 
[0002] 

[Description of the Prior Art] In order to improve the reliability of a regenerative signal 
conventionally to the signal reproduced with the digital magnetic recorder and reproducing 
device, Carrying out automatic equalization of the frequency characteristic using an equalizing 
circuit is performed (for example, Mita, Ide, Inagaki: the simple automatic equalizer for digital 
video tape recorders, Proceedings of Workshop of the Institute of Television Engineers of Japan, 
13 volumes, No. 59, 7-12 pages, VIR'89 1989 [ -20 or ]). 

[0003]The integration circuit 45 which outputs the integral waveform of the regenerative signal 
to input as this equalizing circuit is shown in drawing 4 , The transversal filter 46 which performs 
equalization processing to an input signal, and the discrimination decision circuit 55 which 
discriminates digital data from the equalized outputs of the transversal filter 46, and is 
reproduced, The coefficient calculation circuit 56 which calculates the update values of the 
coefficient in the transversal filter 46 from the equalized outputs of the transversal filter 46 and 
the reproduction digital data of the discrimination decision circuit 55 is comprised, The delay 
circuits 48 and 49 where, as for the transversal filter 46, a digital signal l-clock-period-Tb[ every 
]-delays an input signal, It has the variable gain amplifiers 50, 51, and 52 which amplify a signal 
with the amplification factor of the updated coefficient, and the adding machine 53 which adds 
the output of each variable gain amplifiers 50-52, and is outputted as equalized outputs. 
[0004]The reproducing output of the playback head 42 which played the digital signal recorded 
on the magnetic tape 41 inputs into the input terminal 44 of this equalizing circuit 43. 
[0005] As a solid line shows, as for the signal spectrum of the signal outputted from this playback 
head 42, the low-pass frequency component shows drawing 5 the differentiation characteristic. 
That is, in a magnetic-recording reversion system, it is not reproduced, but the electric power of 
a dc component contained in a regenerative signal decreases, so that frequency is low. The 
electric power of a high region frequency component reproduced decreases by the various losses 
of gap loss, spacing loss, etc. 

[0006]For this reason, in order to return a regenerative signal to a digital code with high 
reliability, it is necessary to perform exact equalization. This is realized by equalizing so that the 
frequency characteristic of a regenerative signal may be brought close to what is called roll-off 
characteristics (the dashed line showed an example to drawing 5) . 

[0007] A low-pass frequency component is compensated in the integration circuit 45, and the 
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signal which returned to drawing 4 and was inputted into the input terminal 44 is inputted into 
the transversal filter 46. 

[0008]In the transversal filter 46, the variable gain amplifier 50 amplifies the signal inputted into 
the input terminal 47 with the amplification factor of coefficient-C _i (however, when a 
coefficient is a negative value). The variable gain amplifier 51 which shall reverse the polarity of 
an input signal, The input signal with which only 1 clock-period Tb was delayed in the delay 
circuit 48 is amplified with the amplification factor of coefficient-C o, and the variable gain 
amplifier 52 amplifies the input signal with which only 1 clock-period Tb was delayed to the pan 
in the delay circuit 49 with the amplification factor of coefficient-C +i. Inputting the output 
signal of each variable gain amplifiers 50-52 into the adding machine 53, the adding machine 53 
outputs equalization signal Y_i which are those aggregate values from the output terminal 54. 
[0009]Equalization signal Y.\ outputted from the transversal filter 46 is inputted into the 
discrimination decision circuit 55 and the coefficient calculation circuit 56. The discrimination 
decision circuit 55 discriminates digital data a_i from equalization signal Y_i, and outputs it to the 
output terminal 57. This discrimination decision circuit 55 is easily realizable by comparing 
equalization signal Y.i with predetermined reference level, for example using a comparator. 
[0010]Input digital data a_i also into the coefficient calculation circuit 56, and the coefficient 
calculation circuit 56, As an approximate value of the error of record data and equalization signal 
Y.i, the error of digital data a_i and equalization signal Y_i is used, The update values of 
coefficient-C .i, Co, and C+i are calculated so that this error may converge, and it outputs to each 
variable gain amplifiers 50-52 of the transversal filter 46. 

[001 l]The input terminal 61 which equalization signal Y.i inputs as this coefficient calculation 
circuit 56 is shown in drawing 6 , The input terminal 62 which digital data a_i inputs, and the 
subtractor 63 which outputs error e_i of Y_i and a_i, The delay circuit 64 where only periodic Tb 
delays this error, and the delay circuits 68 and 69 where only periodic Tb delays digital data a_j, 

The Calculation Circuit 65 Which Calculates the Update Values Of C[ wh ich were delayed ]-lfrom error e0 and a-l 

, The calculation circuit 67 which calculates the update values of C+ifrom calculation circuit [ which calculates 

the update values of Cof delay circuit 680from error eO and output aO ] 66, and error eO and output a+1 of delay circuit 69 IS Comprised. 

[0012]Digital data a_i inputted into equalization signal Y^ inputted into the input terminal 61 and 
the input terminal 62 is given to the subtractor 63, and the subtractor 63 subtracts signal a_i from 
signal Y_i, and outputs error e_i=Y.i-a.i. The delay circuit 64 delays error e_i only the time of 
periodic Tb. This delayed signal is made into error e 0 . The delay circuit 64 gives error e 0 to the 
calculation circuits 65, 66, and 67, respectively. 

[0013]On the other hand, digital data a_i inputted from the input terminal 62 is inputted into the 
calculation circuit 65 and the delay circuit 68. A pan is made to carry out 1Tb delay, and the 
delay circuit 68 outputs to it the delay circuit 69 which was made to carry out 1Tb delay of this 
signal, and was outputted as ao, and this output inputted as a+j. Therefore, the delaying amounts 
of digital data a.i, ao, and a+i are 0Tb, 1Tb, and 2Tb, respectively. These signal a_i, ao, and a+i are 
given to the calculation circuits 65, 66, and 67, respectively. 

[0014]The calculation circuits 65, 66, and 67 perform the following calculations repeatedly for 
every time Tb. At a certain time i, signal a.i, ao, a +i , and error eo should input into the calculation 
circuits 65, 66, and 67, respectively. Coefficient-C _i(i) of the transversal filter [ in / at this time / 
in the calculation circuits 65, 66, and 67 / the time i ] 46, Coefficient-C -i (i+1) of the transversal 
filter 46 in the time (i+1) after only time Tb passes, Co (i+1), and C+i (i+1) are calculated by the 
following three formulas using Co(i) and C+i(i). 
[0015] 



C_i(i+1) =C_i(i)-alpha-e 0 and a_i (formula 1) 
Co(i+l) =Co(i) - Alpha-eo-ao (formula 2) 
C+i(i+l) =C+i(i) - Alpha-eo-a+i (formula 3) 

However, alpha is a constant which determines the speed of convergence of the value of a 
coefficient, and is called a convergence factor here. The above-mentioned calculation is repeated 
for every time Tb, and coefficient-C _j of the transversal filter 46, Co, and C+i are updated. 
[0016]Calculation of such a coefficient of a filter is called the zero horsing method (for example, 
work besides Miyagawa and edited by Institute of Electronics and Communication Engineers: 
digital signal processing, Institute of Electronics and Communication Engineers, 233 pages, 1981 
(the 9th edition)). Coefficient-C _j, Co, and C+i are recursively converged on an optimum value 
by this updating. 

[0017]The reliability of a regenerative signal improves by this automatic equalization, and 

faithful playback of the data recorded on the magnetic tape 41 is attained. 

[0018] 

[Problem to be solved by the invention] However, complicated hardware is required for the 
conventional automatic equalization circuit. That is, if it tries to perform exact equalization in 
this equalizing circuit, the tap numbers of the transversal filter 46 must be increased, but 
realization of hardware becomes more difficult as tap numbers increase. 

[0019] Although it is necessary to transmit digitally and record the video signal of high resolution 
in recent years, in order to transmit and record the digital signal of such a high data rate, the 
signal of a broadband must be dealt with also in an equalizing circuit. However, when a signal 
band spreads, it is difficult to constitute the delay circuit which delays only the same time 
correctly about all the zones. When the series connection of the delay circuit is carried out to 
multistage, it is easy to cause delayed degradation of the frequency characteristic of a signal. It 
was dramatically difficult to constitute conventionally the equalizing circuit which can equalize 
the digital signal of a high data rate correctly for these Reasons. 
[0020]This invention solves such a conventional problem. 

Also with the digital signal of the high data rate, it is small-scale and aims at providing the 
equalizing circuit which can carry out automatic equalization correctly by the easy hardware of 
realization. 

[0021] 

[Means for solving problem] So, in this invention, the equalizing circuit which equalizes the 
digital signal transmitted or reproduced using a digital filter is provided with the following. 
The 1st variable filter that equalizes according to the 1st filter factor group into which an input 
signal is inputted from the outside, and outputs the 1st equalization signal. 
The 2nd variable filter that equalizes according to the 2nd filter factor group into which this 1st 
equalization signal is inputted from the outside, and outputs the 2nd equalization signal. 
The identification device which identifies this 2nd equalization signal and outputs reproduction 
digital data. 

The 1st coefficient calculating means that updates the 1st filter factor group accommodative 
using this reproduction digital data, and is outputted to the 1st variable filter, and the 2nd 
coefficient calculating means that updates the 2nd filter factor group accommodative using 
reproduction digital data, and is outputted to the 2nd variable filter. 

[0022]The convergence time of the filter factor in the 1st coefficient calculating means 



constitutes so that it may become longer than the convergence time of the filter factor in the 2nd 
coefficient calculating means. 

[0023]It constitutes so that renewal computation of the following coefficient may not be 
performed, until the convergence time of the filter factor in the 2nd coefficient calculating means 
passes, immediately after the 1st coefficient calculating means updates a filter factor. 
[0024]It detects having been completed by each tap coefficient [ in / in the 2nd coefficient 
calculating means / the 2nd variable filter ], and a detection result is outputted, and it constitutes 
so that the 1st coefficient calculating means may perform renewal computation of the following 
coefficient in response to this detection result. 

[0025]The 2nd coefficient calculating means detects the variation per unit time of each tap 
coefficient, and it constitutes so that a detection result may be outputted, when the variation of all 
the tap coefficients becomes smaller than a predetermined value. 

[0026]The error detection decoder which detects the error of reproduction digital data and 
outputs an error flag is provided, and the 1st coefficient calculating means updates the 1st filter 
factor accommodative using the error flag outputted from this error detection decoder, and it 
constitutes so that it may output to the 1st variable filter. 

[0027]The 1st variable filter constitutes so that only a frequency amplitude characteristic may be 
variable in a phase straight line. 

[0028]The 1st variable filter and 2nd variable filter are constituted from the 1st transversal filter 
and 2nd transversal filter, respectively, The time delay between the taps of the 1st transversal 
filter is changed with the time delay between the taps of the 2nd transversal filter. 
[0029]The time delay between the taps of the 1st transversal filter was set as Tb/2 (1 clock 
period of the digital signal into which Tb was inputted), and the time delay between the taps of 
the 2nd transversal filter is set as Tb. 
[0030] 

[FunctionjTherefore, since the automatic equalization circuit is divided into two steps, the state 
where many delay circuits carry out a multistage series connection, and frequency degradation 
occurs is avoidable. Until it distinguishs between the coefficient convergence time of two steps 
of each automatic equalization circuit or one automatic equalization circuit converges a filter 
factor, By suspending calculation of the filter factor of another automatic equalization circuit, the 
situation which two steps of automatic equalization circuits update a coefficient at the period, 
and a coefficient converges in the mistaken direction is avoided. 

[0031]In one automatic equalization circuit, renewal of the coefficient is performed so that the 
number of the errors contained in reproduction digital data may decrease. 
[0032]The flexibility of the frequency characteristic acquired in an equalizing circuit increases 
by constituting two steps of automatic equalization circuits from a transversal type variable filter, 
respectively, and changing the time delay between the taps of this filter in each transversal filter. 
Therefore, the total tap numbers which are needed in order to acquire the same equalization 
characteristic are reducible. 
[0033] 

[Working example]The integration circuit 2 where the equalizing circuit in working example of 
this invention outputs the integral waveform of an input signal as shown in drawing L The 1st 
variable filter 3 that equalizes an input signal, and the 2nd variable filter 4 that equalizes the 
output signal of the 1st variable filter 3 further, The discrimination decision circuit 5 which 
discriminates digital data from the output signal of the 2nd variable filter 4, and is reproduced, 
ECC decoders 7 which perform the error detection and the error correction of this reproduction 



I 



I 
I 



digital data, The 1st coefficient calculation circuit 9 that calculates the update values of the 
coefficient of the 1st variable filter 3 using the error number which ECC decoders 7 detected, It 
has the 2nd coefficient calculation circuit 6 that updates the coefficient of the 2nd variable filter 
4 using the equalization signal of the 2nd variable filter 4, and the reproduction digital data 
which the discrimination decision circuit 5 outputted. 

[0034]The delay devices 10 and 1 1 with which the 1st variable filter 3 delays [ 2 / Ti=Tb/] an 
input signal (1 clock period of the digital signal into which Tb was inputted), It has the variable 
gain amplifiers 12 and 13 which amplify a signal with the amplification factor of the coefficient 
A updated by the 1st coefficient calculation circuit 9, and the adding machine 14 which adds the 
output signal of each variable gain amplifiers 12 and 13, and the output signal of the delay device 
10, and is outputted to the 2nd variable filter 4. 

[0035]The delay devices 20, 21, 22, and 23 with which only T 2 = Tb delays the signal with which 
the 2nd variable filter 4 was outputted from the 1st variable filter 3, It has the variable gain 
amplifiers 24, 25, 26, 27, and 28 which amplify a signal with the amplification factor of the 
coefficient updated by the 2nd coefficient calculation circuit 6, respectively, and the adding 
machines 29, 30, 31, and 32 which add the output signal of each variable gain amplifiers 24-28 
one by one. 

[0036]Next, operation of this equipment is explained. 

[0037]First, a low-pass frequency component is compensated in the integration circuit 2, and the 
signal inputted from the input terminal 1 is inputted into the 1st variable filter 3. 
[0038]In the 1st variable filter 3, the variable gain amplifier 12 amplifies the signal inputted from 
the integration circuit 2 with the amplification factor of a coefficient A (however, when a 
coefficient is a negative value). Moreover it reverses the polarity of an input signal, the variable 
gain amplifier 13 amplifies the signal for which only Tb (=Tjx2) was delayed with the delay 
devices 10 and 1 1 with the amplification factor of a coefficient A. The output signal of each 
variable gain amplifiers 12 and 13 is added with the adding machine 14 with the signal with 
which only Ti was delayed by the delay device 10, and is outputted to the 2nd variable filter 4. 
[0039]With the 2nd variable filter 4, the variable gain amplifier 24 amplifies the signal outputted 
from the 1st variable filter 3 with the amplification factor of coefficient-C .2, and the variable 
gain amplifier 25 amplifies the signal for which only Tb was delayed with the delay device 20 
with the amplification factor of coefficient-C _i. Similarly, the variable gain amplifier 26 
amplifies the output signal of the delay device 21 with the amplification factor of coefficient-C 0 , 
and the variable gain amplifier 27 amplifies the output signal of the delay device 22 with the 
amplification factor of coefficient-C +i, and the variable gain amplifier 28 amplifies the output 
signal of the delay device 23 with the amplification factor of coefficient-C +2. Add the adding 
machine 29 and an output signal with the variable gain amplifiers 24 and 25 the adding machine 
30, The adding machine 32 outputs the value adding the output signal of all the variable gain 
amplifiers 24, 25, 26, 27, and 28 eventually by adding the output signal of the variable gain 
amplifier 26 to the value further, and continuing it. 

[0040]Equalization signal Y.i outputted from the 2nd variable filter 4 is inputted into the 
discrimination decision circuit 5, and the discrimination decision circuit 5 discriminates digital 
data a_i from equalization signal Y_i, and outputs it as reproduction digital data. This 
discrimination decision circuit 5 is the same composition as what was explained by the 
conventional example. 

[0041]Input equalization signal Y_i and digital data a.j into the 2nd coefficient calculation circuit 
6, and the 2nd coefficient calculation circuit 6, Using this equalization signal Y_i and digital data 



a_i, the value of coefficient-C -2, C.j, Co, C +} , and C+2 is calculated, respectively, and it outputs to 
the variable gain amplifiers 24, 25, 26, 27, and 28 of the 2nd variable filter 4. 
[0042]This composition and operation of the 2nd of the coefficient calculation circuit 6 are the 
same as what was previously explained by drawing 6 , and only the point which the tap numbers 
of the filter only increased from 3 to 5 is different. Therefore, for every time Tb, the 2nd 
coefficient calculation circuit 6 follows the zero horsing method, and is the formulas 1, 2, and 3. 
-- Calculation is repeated and coefficient-C .2, C.j, Co, C+i, and C+2 are updated. As a result, these 
coefficients are recursively converged on the optimal coefficient value. 
[0043]On the other hand, digital data a_i outputted from the discrimination decision circuit 5 is 
inputted into ECC decoders 7. ECC decoders 7 perform processing of error detection or an error 
correction to this digital data, and output the digital data which corrected the error from the 
output terminal 8. At this time, ECC decoders 7 output the error flag which shows the existence 
of an error, or the thing (it is henceforth described as an error flag) which shows the frequency of 
error generating equivalent to this to the 1st coefficient calculation circuit 9 in processing of 
error detection or an error correction. Such ECC decoders are widely used in digital transmission 
or digital recording now (for example, work besides Eto, the Digital Video record technology, 
Nikkan Kogyo Shimbun, 13 pages, 1990). 

[0044]The 1st coefficient calculation circuit 9 that this error flag inputs, The error frequency 
counters 91 which count the number of the error flags outputted from ECC decoders 7 as shown 
in drawing 2 (a). The coefficient generator 96 which outputs a different coefficient for every 
period to the 1st variable filter 3, The memories 93 and 94 which memorize the count number of 
the error flag of a different period, respectively, It has the change-over switch 92 which switches 
the memories 93 and 94 which are mistaken for every period of the and connect with the 
frequency counters 91, and the judging device 95 which judges a suitable coefficient value based 
on the value memorized by the memories 93 and 94. 

[0045] In order that the coefficient generator 96 of this coefficient calculation circuit 9 may 
control that operation timing to the error frequency counters 91, the change-over switch 92, the 
memories 93 and 94, and the judging device 95, As shown in drawing 2 (b), the control signal 81 
reversed to predetermined every periodic **T is outputted through the signal wire 98, and the 
value (82 of drawing 2 (b)) of a coefficient A is changed and outputted to the 1st variable filter 3 
according to this cycle. That is, Ai is outputted to the cycle 84 as a coefficient, and A2 in which 
only predetermined value **a is smaller than Ai is outputted to the cycle 85 as a coefficient. 
[0046]The error frequency counters 91 reset a counter value, whenever the control signal to input 
changes, and they calculate the number of the error flags inputted from ECC decoders 7 during 
the **T. When this counter value is shown in 83 of drawing 2 (b) and the 1st variable filter 3 
performs equalization by coefficient A 1, the error flag of Ei occurs between time **T, When the 
1st variable filter 3 performs equalization by coefficient A 2 , it is shown that the error flag of E 2 
occurred. 

[0047]Number of error flags E2 which number of error flags Ei which the error frequency 
counters 91 counted at the last of the period 84 was stored in the memory 93 via the change-over 
switch 92, and was counted at the last of the period 85 is stored in the memory 94 via the 
change-over switch 92. The judging device 95 compares the number of error flags stored in this 
memory 93 and memory 94, judges coefficient value A2 corresponding to E2 with that small 
value to be a thing near the optimal coefficient value, and outputs a decided result to the 
coefficient generator 96. 

[0048]In the 1st variable filter 3, the same coefficient A outputted to the variable gain amplifiers 



12 and 13 from the coefficient generator 96 is given. At this time, the transfer characteristic H (f) 
of the 1st variable filter 3 is H(f) =Z~'+A (Z°+Z' 2 ). 
= Z 1 { 1+2 A-cos (2pi-Ti/f)} (formula 4) 

(However, f:frequency, Z _1 =exp (- jomegaTi), omega: Angular frequency) 
It becomes. Therefore, a phase characteristic serves as a straight line and only a frequency 
amplitude characteristic changes to change of a coefficient A. At this time, a coefficient A and 
the error frequency which ECC decoders 7 detect serve as a relation as shown in drawing 2 (C). 
[0049]Therefore, when the coefficient generator 96 receives the decided result that the direction 
of coefficient value A2 (<A } ) has few error flags from the judging device 95, When the 
coefficient value in which only further predetermined value **a is smaller than coefficient value 
A2 is outputted to the next period and the decided result that the direction of coefficient value Ai 
has few error flags is received conversely, It is completed as an optimum value by the coefficient 
A by outputting the coefficient value in which only **a is still larger to the next period, and 
repeating such operation rather than coefficient value Ai, in it. 

[0050]In this way, exact equalization becomes possible when completed as an optimum value by 
both the coefficient of the 1st variable filter 3 of this equalizing circuit, and the coefficient of the 
2nd variable filter 4. 

[0051] However, in this circuit, if a coefficient A changes, the frequency spectra of the signal 
outputted from the 1st variable filter 3 change, therefore the characteristic of the 2nd variable 
filter 4 will also be combined and will change to it. Therefore, when it mistakes in the stage in 
the middle of both the coefficient of the 1st variable filter 3 and the coefficient of the 2nd 
variable filter changing and frequency is detected, a possibility that the relation shown in 
drawing 2 (O may stop realizing is between a coefficient A and the error frequency which ECC 
decoders detect. 

[0052]In order to avoid this, when setting time until it is recursively completed as an optimum 
value by each coefficient of the 2nd variable filter 4 to **Tc as the 1st method, there is the 
method of setting it as a sufficiently long cycle to such an extent that the influence of **Tc can 
disregard predetermined periodic **T in drawing 2 (b). 

[0053]In the error frequency counters 91, the 2nd methods include the method of making it not 
calculate an error flag after being reset until time **Tc passes. 

[0054] As the 3rd method, it detects having been completed by each coefficient of the 2nd 
variable filter 4 in the 2nd coefficient calculation circuit 6, A detection result is mistaken, it 
transmits to the frequency counters 91, and there is the method of constituting so that calculation 
of an error flag may be started after the error frequency counters 91 check convergence of the 
2nd variable filter 4. In this case, in order to detect having been completed by each coefficient of 
the 2nd variable filter 4 in the 2nd coefficient calculation circuit 6, When the variation between 
time Tb of each coefficient is detected and the variation of all the coefficients becomes smaller 
than a predetermined value, a detection result is made to output as that which the coefficient in 
the 2nd variable filter 4 converged. 

[0055]By taking such a means, the convergence time of the 1st variable filter 3 becomes longer 
than the convergence time of the 2nd variable filter 4, and immediately after changing a 
coefficient, the 1st variable filter 3 does not perform renewal computation of the following 
coefficient until the convergence time of the 2nd variable filter 4 passes. As a result, in this 
equalizing circuit, the 1st variable filter 3 and 2nd variable filter 4 repeat convergence by turns, 
and it is eventually completed as an optimum value by both the coefficients of both filters. 
[0056]Thus, making convergence time of the 1st variable filter 3 longer than the convergence 



time of the 2nd variable filter 4, Conversely, if it sees, in the equalizing circuit of working 
example, it will become possible to use the circuit which operates to the 1st coefficient 
calculation circuit 9 at a low speed as compared with the 2nd coefficient calculation circuit 6, 
and the part and realization will become easy. 

[0057]Time delay Tj [ in / in this equalizing circuit / the delay devices 10 and 11 of the 1st 
variable filter 3 ] (=Tb/2), By changing time delay T 2 (=Tb) in the delay devices 20, 21, 22, and 
23 of the 2nd variable filter 4, as shown below, it makes it possible to reduce the total of the 
required tap numbers in the 1st and 2nd variable filters. 

r00581 Drawing 3 shows the frequency characteristic of the 1st variable filter 3. The dotted line in 
a figure is a case where time delay Tj of the delay devices 10 and 1 1 is set as Tb/2. 
A solid line is a case where time delay Ti of the delay devices 10 and 1 1 is set as Tj=Tb like the 
delay device of the 2nd variable filter 4. 

As a dotted line shows, when time delay Ti are Tb/2, the peak of a frequency characteristic 
appears in 1/Tb. On the other hand, when time delay Ti is Tb, as a solid line shows, the peak of a 
frequency characteristic appears in l/(2Tb). The frequency characteristic in the conventional 
equalizing circuit of drawing 4 which has a delay device of time delay Tb, and the 2nd variable 
filter 4 of this working example also becomes being the same as that of this solid line, and shows 
symmetry type by the low frequency wave and high frequency side by making peak frequency 
l/(2Tb) into the point of symmetry. 

[0059]Therefore, in time delay Ti of the delay devices 10 and 11 of the 1st variable filter 3 being 
the same as time delay Tb of the delay devices 20-23 of the 2nd variable filter 4, even if it 
combines those filters, only the frequency characteristic of the tendency shown in a solid line can 
be acquired. 

[0060]on the other hand, when the time delay in the 1st variable filter 3 is changed with the time 
delay of the 2nd variable filter 4, various frequency characteristics of the high region zone 
especially constructed in l/[ from frequency l/(2Tb) ] Tb can be boiled and changed by 
combining those filters. That is, by changing the time delay of the 1st variable filter 3, and the 
time delay of the 2nd variable filter 4, the flexibility of an equalization characteristic can be 
increased, therefore a desired equalization characteristic can be acquired by a small number of 
taps. 

[0061]On the other hand, when the tap numbers of the conventional equalizing circuit of drawing 
4j:end to be increased simply and it is going to acquire a comparable equalization characteristic, 
very many tap numbers are needed. In order that it will be necessary to combine with the 
increase in tap numbers and to enlarge the scale of the coefficient calculation circuit 56 in this 
case and and a delay circuit may carry out many series connections, degradation of a frequency 
characteristic occurs. 

[0062]In the equalizing circuit of working example, frequency degradation by the multistage 
series connection of a delay circuit is avoided by dividing the variable filter of an automatic 
equalization circuit into two steps of the 1st variable filter 3 and the 2nd variable filter 4. 
[0063]When the equalizing circuit of working example provides a difference in the convergence 
time of the coefficient in two steps of automatic equalization circuits, it avoids that two steps of 
automatic equalization circuits have an adverse effect on convergence of a coefficient mutually. 
[0064]The 1st variable filter 3 of this equalizing circuit has a linear phase characteristic, and it is 
constituted so that only a frequency amplitude characteristic may change, when a coefficient A is 
changed. Based on the error flag from ECC decoders, the calculation circuit which updates this 
coefficient A updates a coefficient so that error generating of a reproduction digital signal may 



always serve as the minimum. The calculation circuit of this coefficient can simplify that 
composition compared with the conventional coefficient calculation circuit. 
[0065]By constituting two steps of automatic equalization circuits using a both transversal type 
variable filter, and changing the time delay between two taps of a transversal filter in this 
equalizing circuit, respectively, Total tap numbers required in order to acquire the same 
equalization characteristic are reducible. 

[0066]In the equalizing circuit of working example, although the tap numbers of the 2nd variable 
filter 4 were set to 5, even if it changes these tap numbers, the same effect can be acquired. 
Although the time delay in the 1st variable filter 3 is set as Tj=Tb/2, this time delay can be made 
into any value. Although the tap numbers of the 1st variable filter 3 were set to 3 and it was 
considered as the one number of the coefficients to change, it is not necessarily restricted to this 
and tap numbers and the number of coefficients to change may be made still larger. 
[0067] Although working example described an equalizing circuit which used the zero horsing 
method, a thing using other algorithms is also the same. This equalizing circuit can use not only 
reproduction of magnetic recording but optical recording etc. for reproduction of data recorded 
by other recording principles, or can also be used as an equalizing circuit of digital transmission 
instead of record. 
[0068] 

[Effect of the Invention] Since the equalizing circuit of this invention has divided the automatic 
equalization circuit into two steps, it can avoid frequency degradation by the multistage series 
connection of a delay circuit, and can realize exact equalization, so that clearly from explanation 
of the above working example. 

[0069]Since one side of two steps of automatic equalization circuits is used as the variable filter 
into which only a frequency amplitude characteristic is changed in a phase straight line and he is 
trying to update the coefficient of this variable filter using the error flag from ECC decoders, the 
composition of the coefficient calculation circuit of this filter can be simplified. Since 
convergence time of one automatic equalization circuit is lengthened and also [ required ] it is 
sufficient for working speed also at a low speed, realization of a circuit is easy for this coefficient 
calculation circuit. 

[0070]By constituting two steps of automatic equalization circuits using a both transversal type 
variable filter, and changing the time delay between two taps of a transversal filter, Total tap 
numbers required in order to acquire the same equalization characteristic can be reduced, and 
circuit structure can be kept small. 



TECHNICAL FIELD 

[Industrial Application]This invention enables it to realize exact equalization by small-scale 
hardware especially about the equalizing circuit which compensates automatically degradation 
received in the case of transmission and the reproduction from recording equipment of digital 
information. 



PRIOR ART 




[Description of the Prior Art] In order to improve the reliability of a regenerative signal 
conventionally to the signal reproduced with the digital magnetic recorder and reproducing 
device, Carrying out automatic equalization of the frequency characteristic using an equalizing 
circuit is performed (for example, Mita, Ide, Inagaki: the simple automatic equalizer for digital 
video tape recorders, Proceedings of Workshop of the Institute of Television Engineers of Japan, 
13 volumes, No. 59, 7-12 pages, VIR'89 1989 [ -20 or ]). 

[0003]The integration circuit 45 which outputs the integral waveform of the regenerative signal 
to input as this equalizing circuit is shown in drawing 4 , The transversal filter 46 which performs 
equalization processing to an input signal, and the discrimination decision circuit 55 which 
discriminates digital data from the equalized outputs of the transversal filter 46, and is 
reproduced, The coefficient calculation circuit 56 which calculates the update values of the 
coefficient in the transversal filter 46 from the equalized outputs of the transversal filter 46 and 
the reproduction digital data of the discrimination decision circuit 55 is comprised, The delay 
circuits 48 and 49 where, as for the transversal filter 46, a digital signal l-clock-period-Tb[ every 
]-delays an input signal, It has the variable gain amplifiers 50, 51, and 52 which amplify a signal 
with the amplification factor of the updated coefficient, and the adding machine 53 which adds 
the output of each variable gain amplifiers 50-52, and is outputted as equalized outputs. 
[0004]The reproducing output of the playback head 42 which played the digital signal recorded 
on the magnetic tape 41 inputs into the input terminal 44 of this equalizing circuit 43. 
[0005] As a solid line shows, as for the signal spectrum of the signal outputted from this playback 
head 42, the low-pass frequency component shows drawing 5 the differentiation characteristic. 
That is, in a magnetic-recording reversion system, it is not reproduced, but the electric power of 
a dc component contained in a regenerative signal decreases, so that frequency is low. The 
electric power of a high region frequency component reproduced decreases by the various losses 
of gap loss, spacing loss, etc. 

[0006]For this reason, in order to return a regenerative signal to a digital code with high 
reliability, it is necessary to perform exact equalization. This is realized by equalizing so that the 
frequency characteristic of a regenerative signal may be brought close to what is called roll -off 
characteristics (the dashed line showed an example to drawing 5) . 

[0007] A low-pass frequency component is compensated in the integration circuit 45, and the 
signal which returned to drawing 4 and was inputted into the input terminal 44 is inputted into 
the transversal filter 46. 

[0008]In the transversal filter 46, the variable gain amplifier 50 amplifies the signal inputted into 
the input terminal 47 with the amplification factor of coefficient-C _i (however, when a 
coefficient is a negative value). The variable gain amplifier 51 which shall reverse the polarity of 
an input signal, The input signal with which only 1 clock-period Tb was delayed in the delay 
circuit 48 is amplified with the amplification factor of coefficient-C 0 > and the variable gain 
amplifier 52 amplifies the input signal with which only 1 clock-period Tb was delayed to the pan 
in the delay circuit 49 with the amplification factor of coefficient-C +i. Inputting the output 
signal of each variable gain amplifiers 50-52 into the adding machine 53, the adding machine 53 
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outputs equalization signal Y.i which are those aggregate values from the output terminal 54. 
[0009]Equalization signal Y_i outputted from the transversal filter 46 is inputted into the 
discrimination decision circuit 55 and the coefficient calculation circuit 56. The discrimination 
decision circuit 55 discriminates digital data a_i from equalization signal Y.i, and outputs it to the 
output terminal 57. This discrimination decision circuit 55 is easily realizable by comparing 
equalization signal Y-i with predetermined reference level, for example using a comparator. 
[0010]Input digital data a.i also into the coefficient calculation circuit 56, and the coefficient 
calculation circuit 56, As an approximate value of the error of record data and equalization signal 
Y-i, the error of digital data a_i and equalization signal Y_i is used, The update values of 
coefficient-C _i, Co, and C+i are calculated so that this error may converge, and it outputs to each 
variable gain amplifiers 50-52 of the transversal filter 46. 

[001 l]The input terminal 61 which equalization signal Y.j inputs as this coefficient calculation 
circuit 56 is shown in drawing 6 , The input terminal 62 which digital data a_i inputs, and the 
subtracter 63 which outputs error e_i of Y_i and £Li, The delay circuit 64 where only periodic Tb 
delays this error, and the delay circuits 68 and 69 where only periodic Tb delays digital data a.i, 

The Calculation Circuit 65 Which Calculates the Update values Of Q which were delayed ]-lfrom error e0 and a-l 

, The calculation circuit 67 which calculates the update values of C+if r0 m calculation circuit [ which calculates 

the update values of Cof delay circuit 680from error eO and output aO ] 66, and error eO and output a+1 of delay circuit 69 IS Comprised. 

[0012]Digital data a_! inputted into equalization signal Y.\ inputted into the input terminal 61 and 
the input terminal 62 is given to the sub tractor 63, and the subtractor 63 subtracts signal a_i from 
signal Y_i, and outputs error e_i=Y-i-a-i. The delay circuit 64 delays error e.i only the time of 
periodic Tb. This delayed signal is made into error eo. The delay circuit 64 gives error eo to the 
calculation circuits 65, 66, and 67, respectively. 

[00 13] On the other hand, digital data a.j inputted from the input terminal 62 is inputted into the 
calculation circuit 65 and the delay circuit 68. A pan is made to carry out 1Tb delay, and the 
delay circuit 68 outputs to it the delay circuit 69 which was made to carry out 1Tb delay of this 
signal, and was outputted as ao, and this output inputted as a+i. Therefore, the delaying amounts 
of digital data a_i, ao, and a+i are 0Tb, 1Tb, and 2Tb, respectively. These signal a_t, ao, and a+i are 
given to the calculation circuits 65, 66, and 67, respectively. 

[0014]The calculation circuits 65, 66, and 67 perform the following calculations repeatedly for 
every time Tb. At a certain time i, signal a.i, ao, a+i, and error eo should input into the calculation 
circuits 65, 66, and 67, respectively. Coefficient-C _i(i) of the transversal filter [ in / at this time / 
in the calculation circuits 65, 66, and 67 / the time i ] 46, Coefficient-C -i (i+1) of the transversal 
filter 46 in the time (i+1) after only time Tb passes, Co (i+1), and C+i (i+1) are calculated by the 
following three formulas using Co(i) and C+i(i). 
[0015] 

Ci(i+1) =C_i(i)-alpha-e 0 and a_i (formula 1) 
Co(i+l) =C 0 (i) - Alpha-eo-ao (formula 2) 
C+i(i+l) =C+i(i) - Alpha-eo-a + i (formula 3) 

However, alpha is a constant which determines the speed of convergence of the value of a 



coefficient, and is called a convergence factor here. The above-mentioned calculation is repeated 
for every time Tb, and coefficient-C _i of the transversal filter 46, Co, and C+i are updated. 
[0016]Calculation of such a coefficient of a filter is called the zero horsing method (for example, 
work besides Miyagawa and edited by Institute of Electronics and Communication Engineers: 
digital signal processing, Institute of Electronics and Communication Engineers, 233 pages, 1981 
(the 9th edition)). Coefficient-C _i, Co, and C+\ are recursively converged on an optimum value 
by this updating. 

[0017]The reliability of a regenerative signal improves by this automatic equalization, and 

faithful playback of the data recorded on the magnetic tape 41 is attained. 

[0018] 

EFFECT OF THE INVENTION 



[Effect of the Invention]Since the equalizing circuit of this invention has divided the automatic 
equalization circuit into two steps, it can avoid frequency degradation by the multistage series 
connection of a delay circuit, and can realize exact equalization, so that clearly from explanation 
of the above working example. 

[0069]Since one side of two steps of automatic equalization circuits is used as the variable filter 
into which only a frequency amplitude characteristic is changed in a phase straight line and he is 
trying to update the coefficient of this variable filter using the error flag from ECC decoders, the 
composition of the coefficient calculation circuit of this filter can be simplified. Since 
convergence time of one automatic equalization circuit is lengthened and also [ required ] it is 
sufficient for working speed also at a low speed, realization of a circuit is easy for this coefficient 
calculation circuit. 

[0070]By constituting two steps of automatic equalization circuits using a both transversal type 
variable filter, and changing the time delay between two taps of a transversal filter, Total tap 
numbers required in order to acquire the same equalization characteristic can be reduced, and 
circuit structure can be kept small. 



TECHNICAL PROBLEM 



[Problem to be solved by the invention] However, complicated hardware is required for the 
conventional automatic equalization circuit. That is, if it tries to perform exact equalization in 
this equalizing circuit, the tap numbers of the transversal filter 46 must be increased, but 
realization of hardware becomes more difficult as tap numbers increase. 

[001 9] Although it is necessary to transmit digitally and record the video signal of high resolution 
in recent years, in order to transmit and record the digital signal of such a high data rate, the 
signal of a broadband must be dealt with also in an equalizing circuit. However, when a signal 
band spreads, it is difficult to constitute the delay circuit which delays only the same time 
correctly about all the zones. When the series connection of the delay circuit is carried out to 
multistage, it is easy to cause delayed degradation of the frequency characteristic of a signal. It 
was dramatically difficult to constitute conventionally the equalizing circuit which can equalize 



the digital signal of a high data rate correctly for these Reasons. 

[0020]This invention solves such a conventional problem, it is small-scale also about the digital 
signal of a high data rate, and an object of this invention is to provide the equalizing circuit 
which can carry out automatic equalization correctly by the easy hardware of realization. 



MEANS 



[Means for solving problem]So, in this invention, the equalizing circuit which equalizes the 
digital signal transmitted or reproduced using a digital filter is provided with the following. 
The 1st variable filter that equalizes according to the 1 st filter factor group into which an input 
signal is inputted from the outside, and outputs the 1st equalization signal. 
The 2nd variable filter that equalizes according to the 2nd filter factor group into which this 1st 
equalization signal is inputted from the outside, and outputs the 2nd equalization signal. 
The identification device which identifies this 2nd equalization signal and outputs reproduction 
digital data. 

The 1st coefficient calculating means that updates the 1st filter factor group accommodative 
using this reproduction digital data, and is outputted to the 1st variable filter, and the 2nd 
coefficient calculating means that updates the 2nd filter factor group accommodative using 
reproduction digital data, and is outputted to the 2nd variable filter. 

[0022]The convergence time of the filter factor in the 1st coefficient calculating means 
constitutes so that it may become longer than the convergence time of the filter factor in the 2nd 
coefficient calculating means. 

[0023]It constitutes so that renewal computation of the following coefficient may not be 
performed, until the convergence time of the filter factor in the 2nd coefficient calculating means 
passes, immediately after the 1st coefficient calculating means updates a filter factor. 
[0024]It detects having been completed by each tap coefficient [ in / in the 2nd coefficient 
calculating means / the 2nd variable filter ], and a detection result is outputted, and it constitutes 
so that the 1st coefficient calculating means may perform renewal computation of the following 
coefficient in response to this detection result. 

[0025]The 2nd coefficient calculating means detects variation per unit time of each tap 
coefficient, and it constitutes so that a detection result may be outputted, when variation of all the 
tap coefficients becomes smaller than a predetermined value. 

[0026]An error detection decoder which detects an error of reproduction digital data and outputs 
an error flag is provided, and the 1st coefficient calculating means updates the 1st filter factor 
accommodative using an error flag outputted from this error detection decoder, and it constitutes 
so that it may output to the 1st variable filter. 

[0027]The 1 st variable filter constitutes so that only a frequency amplitude characteristic may be 
variable in a phase straight line. 

[0028]The 1st variable filter and 2nd variable filter are constituted from the 1st transversal filter 
and 2nd transversal filter, respectively, A time delay between taps of the 1st transversal filter is 
changed with a time delay between taps of the 2nd transversal filter. 
[0029]The time delay between the taps of the 1st transversal filter was set as Tb/2 (1 clock 
period of the digital signal into which Tb was inputted), and the time delay between the taps of 



the 2nd transversal filter is set as Tb 



OPERATION 



[Function]Therefore, since the automatic equalization circuit is divided into two steps, the state 
where many delay circuits carry out a multistage series connection, and frequency degradation 
occurs is avoidable. Until it distinguishs between the coefficient convergence time of two steps 
of each automatic equalization circuit or one automatic equalization circuit converges a filter 
factor, By suspending calculation of the filter factor of another automatic equalization circuit, the 
situation which two steps of automatic equalization circuits update a coefficient at the period, } 
and a coefficient converges in the mistaken direction is avoided. 

[0031] In one automatic equalization circuit, renewal of the coefficient is performed so that the 
number of the errors contained in reproduction digital data may decrease. 
[0032]The flexibility of the frequency characteristic acquired in an equalizing circuit increases 
by constituting two steps of automatic equalization circuits from a transversal type variable filter, 
respectively, and changing the time delay between the taps of this filter in each transversal filter. 
Therefore, the total tap numbers which are needed in order to acquire the same equalization 
characteristic are reducible. 



EXAMPLE 



[Working example]The integration circuit 2 where an equalizing circuit in working example of ~ 
this invention outputs an integral waveform of an input signal as shown in drawing 1 , The 1st 
variable filter 3 that equalizes an input signal, and the 2nd variable filter 4 that equalizes an 
output signal of the 1st variable filter 3 further, The discrimination decision circuit 5 which 
discriminates digital data from an output signal of the 2nd variable filter 4, and is reproduced^ 
ECC decoders 7 which perform error detection and an error correction of this reproduction 
digital data, The 1st coefficient calculation circuit 9 that calculates update values of a coefficient 
of the 1st variable filter 3 using an error number which ECC decoders 7 detected, It has the 2nd 
coefficient calculation circuit 6 that updates a coefficient of the 2nd variable filter 4 using an 
equalization signal of the 2nd variable filter 4, and reproduction digital data which the 
discrimination decision circuit 5 outputted. 

[0034]The delay devices 10 and 1 1 with which the 1st variable filter 3 delays [ 2 / T,=Tb/] an 
input signal (1 clock period of a digital signal into which Tb was inputted), It has the variable 
gain amplifiers 12 and 13 which amplify a signal with an amplification factor of a coefficient A 
updated by the 1st coefficient calculation circuit 9, and the adding machine 14 which adds an 
output signal of each variable gain amplifiers 12 and 13, and an output signal of the delay device 
10, and is outputted to the 2nd variable filter 4. 

[0035]The delay devices 20, 21, 22, and 23 with which only T 2 = Tb delays the signal with which 
the 2nd variable filter 4 was outputted from the 1st variable filter 3, It has the variable gain 
amplifiers 24, 25, 26, 27, and 28 which amplify a signal with the amplification factor of the 
coefficient updated by the 2nd coefficient calculation circuit 6, respectively, and the adding ^ 



machines 29, 30, 31, and 32 which add the output signal of each variable gain amplifiers 24-28 
one by one. 

[0036]Next, operation of this equipment is explained. 

[0037]First, a low-pass frequency component is compensated in the integration circuit 2, and the 
signal inputted from the input terminal 1 is inputted into the 1st variable filter 3. 
[0038]In the 1st variable filter 3, the variable gain amplifier 12 amplifies the signal inputted from 
the integration circuit 2 with the amplification factor of a coefficient A (however, when a 
coefficient is a negative value). Moreover it reverses the polarity of an input signal, the variable 
gain amplifier 13 amplifies the signal for which only Tb (=Tix2) was delayed with the delay 
devices 10 and 1 1 with the amplification factor of a coefficient A. The output signal of each 
variable gain amplifiers 12 and 13 is added with the adding machine 14 with the signal with 
which only Ti was delayed by the delay device 10, and is outputted to the 2nd variable filter 4. 
[0039]With the 2nd variable filter 4, the variable gain amplifier 24 amplifies the signal outputted 
from the 1st variable filter 3 with the amplification factor of coefficient-C .2, and the variable 
gain amplifier 25 amplifies the signal for which only Tb was delayed with the delay device 20 
with the amplification factor of coefficient-C _i. Similarly, the variable gain amplifier 26 
amplifies the output signal of the delay device 21 with the amplification factor of coefficient-C 0, 
and the variable gain amplifier 27 amplifies the output signal of the delay device 22 with the 
amplification factor of coefficient-C +i, and the variable gain amplifier 28 amplifies the output 
signal of the delay device 23 with the amplification factor of coefficient-C +2- Add the adding 
machine 29 and an output signal with the variable gain amplifiers 24 and 25 the adding machine 
30, The adding machine 32 outputs the value adding the output signal of all the variable gain 
amplifiers 24, 25, 26, 27, and 28 eventually by adding the output signal of the variable gain 
amplifier 26 to the value further, and continuing it. 

[0040]Equalization signal Y_i outputted from the 2nd variable filter 4 is inputted into the 
discrimination decision circuit 5, and the discrimination decision circuit 5 discriminates digital 
data a. 1 from equalization signal Y_i, and outputs it as reproduction digital data. This 
discrimination decision circuit 5 is the same composition as what was explained by the 
conventional example. 

[0041]Input equalization signal Y_i and digital data a_i into the 2nd coefficient calculation circuit 
6, and the 2nd coefficient calculation circuit 6, Using this equalization signal Y_i and digital data 
a_i, the value of coefficient-C . 2? Ci, C 0 , C+i, and C+2 is calculated, respectively, and it outputs to 
the variable gain amplifiers 24, 25, 26, 27, and 28 of the 2nd variable filter 4. 
[0042]This composition and operation of the 2nd of the coefficient calculation circuit 6 are the 
same as what was previously explained by drawing 6 , and only the point which the tap numbers 
of the filter only increased from 3 to 5 is different. Therefore, for every time Tb, the 2nd 
coefficient calculation circuit 6 follows the zero horsing method, and is the formulas 1, 2, and 3. 

Calculation is repeated and coefficient-C .2, Ci, Co, C+i, and C+2 are updated. As a result, these 
coefficients are recursively converged on the optimal coefficient value. 
[0043]On the other hand, digital data a_i outputted from the discrimination decision circuit 5 is 
inputted into ECC decoders 7. ECC decoders 7 perform processing of error detection or an error 
correction to this digital data, and output the digital data which corrected the error from the 
output terminal 8. At this time, ECC decoders 7 output the error flag which shows the existence 
of an error, or the thing (it is henceforth described as an error flag) which shows the frequency of 
error generating equivalent to this to the 1st coefficient calculation circuit 9 in processing of 
error detection or an error correction. Such ECC decoders are widely used in digital transmission 



or digital recording now (for example, work besides Eto, the Digital Video record technology, 
Nikkan Kogyo Shimbun, 13 pages, 1990). 

[0044]The 1st coefficient calculation circuit 9 that this error flag inputs, The error frequency 
counters 91 which count the number of the error flags outputted from ECC decoders 7 as shown 
in drawing 2 (a), The coefficient generator 96 which outputs a different coefficient for every 
period to the 1st variable filter 3, The memories 93 and 94 which memorize the count number of 
the error flag of a different period, respectively, It has the change-over switch 92 which switches 
the memories 93 and 94 which are mistaken for every period of the and connect with the 
frequency counters 91, and the judging device 95 which judges a suitable coefficient value based 
on the value memorized by the memories 93 and 94. 

[0045]In order that the coefficient generator 96 of this coefficient calculation circuit 9 may 
control that operation timing to the error frequency counters 91, the change-over switch 92, the 
memories 93 and 94, and the judging device 95, As shown in drawing 2 (b), the control signal 81 
reversed to predetermined every periodic **T is outputted through the signal wire 98, and the 
value (82 of drawing 2 (b)) of a coefficient A is changed and outputted to the 1st variable filter 3 
according to this cycle. That is, Ai is outputted to the cycle 84 as a coefficient, and A2 in which 
only predetermined value **a is smaller than Ai is outputted to the cycle 85 as a coefficient. 
[0046]The error frequency counters 91 reset a counter value, whenever the control signal to input 
changes, and they calculate the number of the error flags inputted from ECC decoders 7 during 
the **T. When this counter value is shown in 83 of drawing 2 (b) and the 1st variable filter 3 
performs equalization by coefficient A 1, the error flag of Ei occurs between time **T, When the 
1st variable filter 3 performs equalization by coefficient A 2, it is shown that the error flag of E2 
occurred. 

[0047]Number of error flags E2 which number of error flags E\ which the error frequency 
counters 91 counted at the last of the period 84 was stored in the memory 93 via the change-over 
switch 92, and was counted at the last of the period 85 is stored in the memory 94 via the 
change-over switch 92. The judging device 95 compares the number of error flags stored in this 
memory 93 and memory 94, judges coefficient value A 2 corresponding to E 2 with that small 
value to be a thing near optimal coefficient value, and outputs a decided result to the coefficient 
generator 96. 

[0048]In the 1st variable filter 3, the same coefficient A outputted to the variable gain amplifiers 
12 and 13 from the coefficient generator 96 is given. At this time, the transfer characteristic H (f) 
of the 1st variable filter 3 is H(f) =Z*'+A (Z°+Z" 2 ). 
= Z" 1 {1+2 A-cos (2pi-Ti/f)} (formula 4) 

(However, ^frequency, Z _I =exp (- jomegaTi), omega: Angular frequency) 
It becomes. Therefore, a phase characteristic serves as a straight line and only a frequency 
amplitude characteristic changes to change of a coefficient A. At this time, a coefficient A and 
the error frequency which ECC decoders 7 detect serve as a relation as shown in drawing 2 (C). 
[0049]Therefore, when the coefficient generator 96 receives the decided result that the direction 
of coefficient value A 2 (<A0 has few error flags from the judging device 95, When the 
coefficient value in which only further predetermined value **a is smaller than coefficient value 
A 2 is outputted to the next period and the decided result that the direction of coefficient value Ai 
has few error flags is received conversely, It is completed as an optimum value by the coefficient 
A by outputting the coefficient value in which only **a is still larger to the next period, and 
repeating such operation rather than coefficient value Aj, in it. 

[0050]In this way, exact equalization becomes possible when completed as an optimum value by 



both the coefficient of the 1st variable filter 3 of this equalizing circuit, and the coefficient of the 
2nd variable filter 4. 

[0051] However, in this circuit, if a coefficient A changes, the frequency spectra of the signal 
outputted from the 1 st variable filter 3 change, therefore the characteristic of the 2nd variable 
filter 4 will also be combined and will change to it. Therefore, when it mistakes in the stage in 
the middle of both the coefficient of the 1st variable filter 3 and the coefficient of the 2nd 
variable filter changing and frequency is detected, a possibility that the relation shown in 
drawing 2 (C) may stop realizing is between a coefficient A and the error frequency which ECC 
decoders detect. 

[0052]In order to avoid this, when setting time until it is recursively completed as an optimum 
value by each coefficient of the 2nd variable filter 4 to **Tc as the 1st method, there is the 
method of setting it as a sufficiently long cycle to such an extent that the influence of **Tc can 
disregard predetermined periodic **T in drawing 2 (b). 

[0053]In the error frequency counters 91, the 2nd methods include the method of making it not 
calculate an error flag after being reset until time **Tc passes. 

[0054] As the 3rd method, it detects having been completed by each coefficient of the 2nd 
variable filter 4 in the 2nd coefficient calculation circuit 6, A detection result is mistaken, it 
transmits to the frequency counters 91, and there is the method of constituting so that calculation 
of an error flag may be started after the error frequency counters 91 check convergence of the 
2nd variable filter 4. In this case, in order to detect having been completed by each coefficient of 
the 2nd variable filter 4 in the 2nd coefficient calculation circuit 6, When the variation between 
time Tb of each coefficient is detected and the variation of all the coefficients becomes smaller 
than a predetermined value, a detection result is made to output as that which the coefficient in 
the 2nd variable filter 4 converged. 

[0055]By taking such a means, the convergence time of the 1st variable filter 3 becomes longer 
than the convergence time of the 2nd variable filter 4, and immediately after changing a 
coefficient, the 1st variable filter 3 does not perform renewal computation of the following 
coefficient until the convergence time of the 2nd variable filter 4 passes. As a result, in this 
equalizing circuit, the 1st variable filter 3 and 2nd variable filter 4 repeat convergence by turns, 
and it is eventually completed as an optimum value by both the coefficients of both filters. 
[0056]Thus, making convergence time of the 1st variable filter 3 longer than the convergence 
time of the 2nd variable filter 4, Conversely, if it sees, in the equalizing circuit of working 
example, it will become possible to use the circuit which operates to the 1st coefficient 
calculation circuit 9 at a low speed as compared with the 2nd coefficient calculation circuit 6, 
and the part and realization will become easy. 

[0057]Time delay Ti [ in / in this equalizing circuit / the delay devices 10 and 1 1 of the 1st 
variable filter 3 ] (=Tb/2), By changing time delay T 2 (=Tb) in the delay devices 20, 21, 22, and 
23 of the 2nd variable filter 4, as shown below, it makes it possible to reduce the total of the 
required tap numbers in the 1st and 2nd variable filters. 

[0058] Drawing 3 shows the frequency characteristic of the 1st variable filter 3. The dotted line in 
a figure is a case where time delay Ti of the delay devices 10 and 1 1 is set as Tb/2. 
A solid line is a case where time delay Ti of the delay devices 10 and 1 1 is set as Ti=Tb like the 
delay device of the 2nd variable filter 4. 

As a dotted line shows, when time delay T| are Tb/2, the peak of a frequency characteristic 
appears in 1/Tb. On the other hand, when time delay Ti is Tb, as a solid line shows, the peak of a 
frequency characteristic appears in l/(2Tb). The frequency characteristic in the conventional 



equalizing circuit of drawing 4 which has a delay device of time delay Tb, and the 2nd variable 
filter 4 of this working example also becomes being the same as that of this solid line, and shows 
symmetry type by the low frequency wave and high frequency side by making peak frequency 
l/(2Tb) into the point of symmetry. 

[0059]Therefore, in time delay Ti of the delay devices 10 and 1 1 of the 1st variable filter 3 being 
the same as time delay Tb of the delay devices 20-23 of the 2nd variable filter 4, even if it 
combines those filters, only the frequency characteristic of a tendency shown in a solid line can 
be acquired. 

[0060]on the other hand, when a time delay in the 1st variable filter 3 is changed with a time 
delay of the 2nd variable filter 4, various frequency characteristics of a high region zone 
especially constructed in l/[ from frequency l/(2Tb) ] Tb can be boiled and changed by 
combining those filters. That is, by changing a time delay of the 1st variable filter 3, and a time 
delay of the 2nd variable filter 4, flexibility of an equalization characteristic can be increased, 
therefore a desired equalization characteristic can be acquired by a small number of taps. 
[0061]On the other hand, when tap numbers of the conventional equalizing circuit of drawing 4 
tend to be increased simply and it is going to acquire a comparable equalization characteristic, 
very many tap numbers are needed. In order that it will be necessary to combine with an increase 
in tap numbers and to enlarge a scale of the coefficient calculation circuit 56 in this case and and 
a delay circuit may carry out many series connections, degradation of a frequency characteristic 
occurs. 

[0062]In the equalizing circuit of working example, frequency degradation by the multistage 
series connection of a delay circuit is avoided by dividing the variable filter of an automatic 
equalization circuit into two steps of the 1st variable filter 3 and the 2nd variable filter 4. 
[0063]When the equalizing circuit of working example provides a difference in the convergence 
time of the coefficient in two steps of automatic equalization circuits, it avoids that two steps of 
automatic equalization circuits have an adverse effect on convergence of a coefficient mutually. 
[0064]The 1st variable filter 3 of this equalizing circuit has a linear phase characteristic, and it is 
constituted so that only a frequency amplitude characteristic may change, when a coefficient A is 
changed. Based on the error flag from ECC decoders, the calculation circuit which updates this 
coefficient A updates a coefficient so that error generating of a reproduction digital signal may 
always serve as the minimum. The calculation circuit of this coefficient can simplify that 
composition compared with the conventional coefficient calculation circuit. 
[0065] By constituting two steps of automatic equalization circuits using a both transversal type 
variable filter, and changing the time delay between two taps of a transversal filter in this 
equalizing circuit, respectively, Total tap numbers required in order to acquire the same 
equalization characteristic are reducible. 

[0066]In the equalizing circuit of working example, although the tap numbers of the 2nd variable 
filter 4 were set to 5, even if it changes these tap numbers, the same effect can be acquired. 
Although the time delay in the 1 st variable filter 3 is set as Ti=Tb/2, this time delay can be made 
into any value. Although the tap numbers of the 1 st variable filter 3 were set to 3 and it was 
considered as the one number of the coefficients to change, it is not necessarily restricted to this 
and tap numbers and the number of coefficients to change may be made still larger. 
[0067] Although working example described the equalizing circuit which used the zero horsing 
method, the thing using other algorithms is also the same. This equalizing circuit can use not 
only reproduction of magnetic recording but optical recording etc. for reproduction of the data 
recorded by other recording principles, or can also be used as an equalizing circuit of the digital 



transmission instead of record. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing H The block diagram showing the composition of the equalizing circuit in working 
example of this invention, 

[Drawing 21 The block diagram (a) showing the 1st coefficient calculation circuit of the 
equalizing circuit of working example, the figure (b) showing the signal wave form of each part 
of this 1st coefficient calculation circuit, the figure (c) showing the relation between the 
coefficient A which the 1st coefficient calculation circuit outputs, and the error frequency which 
ECC decoders detect, 

[Drawing 31 The figure showing the change in the frequency characteristic of the 1st variable 
filter when the time delay of a delay device is changed, 

[Drawing 41 The block diagram showing the composition of the conventional equalizing circuit, 
[Drawing 51 The signal spectrum figure of the signal outputted from a playback head, 
[Drawing 61 It is a block diagram showing the coefficient calculation circuit in the conventional 
equalizing circuit. 

[Explanations of letters or numerals] 

1 Input terminal 

2 and 45 Integration circuit 

3 The 1st variable filter 

4 The 2nd variable filter 

5 and 55 Discrimination decision circuit 

6 The 2nd coefficient calculation circuit 

7 ECC decoders 

8, 54, 57, and 97 Output terminal 

9 The 1st coefficient calculation circuit 

10, 11,20-23 Delay device 

12, 13, 24-28 A variable gain amplifier 

14, 29-32, and 53 An adding machine 

41 Magnetic tape 

42 A playback head 

43 An equalizing circuit 

44, 47, 61 , 62, and 90 An input terminal 

46 A transversal filter 

48, 49, 64, 68, and 69 A delay circuit 

50-52 A variable gain amplifier 

56 A coefficient calculation circuit 

63 A subtracter 

65-67 A calculation circuit 

82 A coefficient A 

83 An output signal from the error frequency counters 91 
91 Error frequency counters 



92 A change-over switch 

93 and 94 A memory 

95 A judging device 

96 A coefficient generator 
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[0025] Further, the second coefficient calculation means detects a change 
amount of each tap coefficient per unit time, and outputs the detection 
result when the change amounts of all tap coefficients become smaller than 
a predetermined value. 

[0054] Further, as the third method, there is a method of detecting, in the 
second coefficient calculation circuit 6, that each coefficient of the second 
variable filter 4 converges, transferring the detection result to the error 
frequency counter 91, and starting count of error flags after the error 
frequency counter 91 confirms convergence of the second variable filter 4. 
In this case, in order to detect that each coefficient of the second variable 
filter 4 has converged, the second coefficient calculation circuit 6 detects a 
change amount of each coefficient during a time Tb. When the change 
amounts of all coefficients become smaller than a predetermined value, it is 
assumed that each coefficient of the second variable filter 4 has converged, 
and the detection result is outputted. 
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